Objective: To measure the validity and reproducibility of the NORBAGREEN food frequency questionnaire (FFQ). Subjects/methods: In Finland, 125 subjects aged 25-64 years sampled from the five main regions of the FINDIET 2002 Study and in Lithuania, 99 citizens of Kaunas aged 19-75 years participated in the study. Reference methods for the FFQ were two 3-day FFQs in Finland and four 24-h recalls in Lithuania. The FFQ was repeated after 6-8 months in both countries. The outcome of the FFQ1 was correlated with the outcome of the reference methods and with the outcome of repeated FFQ2. Crossclassification of food intakes by FFQ1 and the reference methods was examined in tertiles. Results: Validity correlations (FFQ vs the reference method, Spearman's correlation) were for vegetables, fruit and bread 0.50 (Po0.01), 0.53 (Po0.01) and 0.54 (Po0.01) in Finland; and 0.55 (Po0.01), 0.31 (Po0.01) and 0.51 (Po0.01) in Lithuania, respectively. Correlations were smaller for potatoes and fish. The overall proportion categorized in the same or adjacent intake tertiles with the two instruments was over 83% in both countries. Reproducibility correlations varied between 0.51 and 0.75 in the Finnish study, and between 0.51 and 0.83 in the Lithuanian study. Conclusions: The NORBAGREEN FFQ can be used to rank subjects according to vegetable, fruit and bread consumption. Questions on fish and potato consumption need to be developed further.
Introduction
The lack of food consumption data that are truly comparable across countries is an internationally known problem. Some years ago the Nordic Nordgrönt working group evaluated the possibility of obtaining comparable and reliable data at the individual level on the intake of vegetables, potatoes, fruit and berries among the populations of the Nordic countries. They concluded that existing food balance sheet per capita statistics, household consumption surveys and dietary surveys were insufficient for this purpose (Johansson et al., 1999) . Consequently a validated questionnaire on vegetable and fruit consumption was created (Persson and Becker, 2002) .
The NORBAGREEN project ('Consumption of vegetables and fruit and other dietary health indicator foods in the Nordic and Baltic countries') was a follow-up project to the work done by the Nordgrönt working group. The main aim of the project was to assess the habitual consumption of vegetables, potatoes, fruit, bread and fish with a unified method in the Nordic and Baltic countries as well as to rank individuals in order to estimate for example, regular, low and high consumers. The methodological aim was to produce and validate a food frequency questionnaire (FFQ) for the Nordic and Baltic countries that would effectively record the frequency of consumption of some foods suggested by the EU/EFCOSUM (European Food Consumption Survey Method)group as dietary health indicators (Steingrímsdó ttir et al., 2002) .
FFQs are the most practical and economical method for collection of dietary data in large epidemiological studies (Willett, 1998) . The method measures habitual long-term dietary intake. It is relatively inexpensive since it is selfadministered and it does not require highly trained interviewers. However, compared with other methods used in nutrition surveys, such as food records or 24-h recall, a FFQ usually collects less detailed information on foods consumed. Therefore, the method's ability to measure the diet that it was designed to measure needs to be evaluated (Pietinen et al., 1988b; Männistö et al., 1996; Ocke et al., 1997; Field et al., 1998; Hu et al., 1999; Erkkola et al., 2001) .
This paper reports the results of the studies on validity and reproducibility of the FFQ that was developed for the NORBAGREEN study to measure, comparably across the Nordic and Baltic countries, the frequency of consumption of vegetables, potatoes, fruit, bread and fish. The studies were carried out both in Finland and in Lithuania.
Materials and methods

Subjects and data collection in the Finnish validation study
The Finnish validation study was carried out in spring (January -May) 2002 (FFQ1 and a 3-day food record) and in autumn (October -December) 2002 (FFQ2 and a 3-day food record), in connection with the National FINDIET 2002 Study (Männistö et al., 2003) . The aim of the National FINDIET Study was to measure the average food and nutrient intake of Finnish people. The FINDIET 2002 random sample comprising five of the main regions of Finland, stratified for sex and 10-year age groups was taken from the population register; subjects for the validation study were randomly chosen from the FINDIET 2002 sample. In spring, the FFQ1 was given by interviewers to 137 subjects that were participating in the FINDIET 2002 Study and belonged to the NORBAGREEN validity study sample (64% of the original random sample). The self-administered FFQ1 was filled out by 125 subjects aged 25-64 years (constituting the population sample for estimating the internal validity of the FFQ). After completing the FFQ1 subjects received a 3-day food record form to be filled out starting the next day, which they had to return by postal mail. A validated picture booklet was used for portion size estimation (Pietinen et al., 1988a) . The second 3-day food record and FFQ2 was mailed to subjects in the autumn. Of those subjects who had completed FFQ1 73 returned both 3-day food records (constituting the sample for estimating the validity of the FFQ). Seventy-one subjects also completed the mailed FFQ2 (constituting the sample for estimating the reproducibility of the FFQ). The information in the food records was entered and processed with the Finessi Software (National Public Health Institute, Finland).
Subjects and data collection in the Lithuanian validation study Participants in the Lithuanian study consisted of a random sample of citizens of Kaunas aged 19-64 years (n ¼ 84) enrolled in the CINDI Health Monitor Study (Grabauskas et al., 2003) and a random sample of citizens of Kaunas aged 65-75 years (n ¼ 15) registered in the Family Doctor Clinic of Kaunas Medical University Hospital. Of the 412 subjects in the CINDI Health Monitor list 125 were randomly selected using random numbers and invited to participate in the validation study. A total of 85 subjects agreed corresponding to a response rate of 68%. The subjects aged 65-75 years (n ¼ 15) were randomly selected from the list of about 3000 persons aged 65-75 years (10% of the city inhabitants of the age category) registered in the Family Doctor Clinic. One person was excluded because of a change in home address during the study. In total, data from 99 persons (43 males and 56 females) were obtained and analysed. The sample was divided into four equal groups (one group per a trained interviewer). The 24-h recalls were collected by means of face-to-face interviews, which took place in the respondents' homes. Each subject was interviewed by the same interviewer throughout the study. In April 2002, the first selfadministered FFQ (FFQ1) was filled out by the respondents and the first 24-h recall interview was carried out with each subject. The second phase of 24-h recalls was conducted in May -June, and the third in August -September. In October, the second FFQ (FFQ2) was filled out by the respondents and the fourth phase of 24-h recalls was carried out. For most of the subjects, one of the recalled days was a Saturday or a Sunday and the other 2 days were weekdays.
The FFQ
The NORBAGREEN FFQ was a modified and expanded version of the validated FFQ of the Nordgrönt project that was originally developed for monitoring of the consumption of vegetables, potatoes and fruit (Johansson et al., 1999) . Questions on fish and bread consumption were included to the NORBAGREEN FFQ since these foods were considered possibly useful indicators of a healthy diet (Steingrímsdó ttir et al., 2002) . After the translation of the FFQ from Swedish to English and then to the national languages, retranslation from the target languages back to English by a different person was carried out to ensure the uniformity of the FFQ across countries. The questionnaire was pretested before the validation study and the main study.
The FFQ contained three different types of questions aimed at collecting data on global intake level of each food group, intake of different preparation forms and intake of individual food items (see Appendix). One global question addressed total consumption per food group: vegetables, potatoes, fruit, bread and fish. Additional questions were included on the intake of different preparation forms of vegetables (six questions), potatoes (three), and fruit (four). In addition, the FFQ covered the intake of individual vegetables or vegetable groups (19 items) and fruit or fruit groups (14 items) to obtain data on the most popular type consumed, the intake of fish as a main dish and as a side dish, and the intake of breads according to fibre content (three items).
The FFQ was designed as a self-administered questionnaire and respondents were asked to indicate how often (per day, week or month) they usually ate certain foods. They were instructed to think about their average consumption over the past year when answering the questions. They were asked to omit snacks or meal components for which the portion size had been well below normal (for example, one slice of cucumber on a sandwich, or a little piece of parsley for decoration). Bread consumption was counted in slices, the other foods as average portions. The maximum frequency respondents could choose to indicate was four or more times a day for vegetables, potatoes, fruit and fish, and seven or more slices a day for bread.
Statistical analysis
The reproducibility study. Before analysis the original frequencies in the FFQ were converted to frequencies per month as follows: frequency per week was multiplied by a factor of 4.3 and frequency per day was multiplied by a factor of 30. In the reproducibility study, means, medians, 25th and 75th percentiles of the consumption frequencies per month were calculated for both questionnaires (FFQ1 and FFQ2). The reproducibility of the FFQ was measured using Spearman's correlation coefficients between consumption based on FFQ1 and FFQ2. The Sign test was used to measure the statistical significance of the differences. The nonparametric test was chosen because the differences were not normally distributed.
The validation study. The original frequencies in the FFQ were converted to frequencies per month before the analyses as described in the methods of the reproducibility study. Food items in the food records (Finland) and 24-h recalls (Lithuania) were grouped into the same food groups as in the FFQ. Consumption frequencies were calculated from the two 3-day food records and the four 24-h recalls and were multiplied by a factor of 5 and by a factor of 7.5, respectively, to convert them to consumption frequencies per month. Means, medians, 25th and 75th percentiles of the consumption frequencies per month were calculated for the questionnaires and the reference methods (3-day food records and 24-h recalls).
The agreement between global questions and the more detailed questions on subcategories and individual items (here called internal validity of the FFQ) was assessed. This was carried out by comparing the frequencies for total consumption with the sum of frequencies for differently prepared forms (vegetables, potatoes and fruit), for individual vegetables and fruits, for fish as a main dish and as a side dish, and for breads with different fibre content.
The agreement between the FFQ and the reference methods (here called external validity) was assessed by comparing the frequencies obtained from the FFQ and those calculated from the food records (Finland) and 24-h recalls (Lithuania). Spearman's correlation coefficients were calculated for consumption frequencies derived from the FFQ and for the reference methods. The nonparametric Spearman's correlation coefficient was chosen because the data from the FFQs and the reference methods were not normally distributed. When studying the external validity of the intake of vegetables the analyses were carried out two times: for all portions of vegetables from food records and from 24-h recalls, and for vegetable portions X40 g only. The degree of misclassification across categories between the FFQ and the dietary records (Finland) or 24-h recalls (Lithuania) was examined by dividing the total consumption of each food (the global question) into tertiles based on both methods. The proportions of correctly categorized subjects in the same or adjacent tertiles were calculated.
Statistical analyses were performed using the SAS System (SAS Institute Inc., 1989) in the Finnish study and using SPSS Software (version 10.0) in the Lithuanian study.
Results
Internal validity of the FFQ In both Finland and Lithuania the results from questions on total consumption of the studied food groups showed significantly lower frequencies than the sums of the frequencies for questions about differently prepared forms (Tables 1 and 2 ). Only the total consumption of potatoes in Lithuania did not differ significantly from the sum of differently prepared forms of potatoes. The Spearman's correlation coefficients between total and different prepared forms were high for all foods: 0.69-0.82 in Finland (Table 1) and 0.54-0.86 in Lithuania (Table 2 ). The sum of the frequencies for consumption of individual vegetables and fruits was clearly higher than the total consumption, while Spearman's correlations between total consumption frequencies and the sums of the consumption frequencies of individual vegetables and fruits were 0.59-0.67 in Finland (Table 1 ) and 0.23-0.25 in Lithuania (Table 2) .
External validity of the FFQ
The results obtained by the single global intake question showed significantly lower frequencies compared to the reference methods for vegetables and fruit in both Finland and Lithuania (Tables 3 and 4 ). The FFQ global question also gave lower consumption frequencies than the reference methods for fish in the Finnish study and for potatoes in the Lithuanian study. The FFQs gave higher consumption frequencies, compared to the reference methods, for bread in both countries and for potatoes in the Finnish study. In the Lithuanian study, there was no difference in fish consumption between the methods. The sum of frequencies of differently prepared forms did not differ from the reference method in the case of vegetables (in the Lithuanian study when portions under 40 g were excluded from the data derived by the reference method) and fish in both studies; neither did it differ from the reference method in the case of potatoes in the Lithuanian study. The Spearman's correlation coefficient for the total consumption of vegetables (FFQ vs the reference method), when portions o40 g were excluded, was 0.50 (Po0.01) in the Finnish study; and 0.55 (Po0.01) in the Lithuanian study, respectively. Exclusion of small portions did not change the correlation in the Finnish study but improved the correlation in the Lithuanian study (Tables 3 and 4) . The correlation for total fruit consumption data was higher in the Finnish study (0.53; Po0.01) than in the Lithuanian study (0.31; Po0.01). The Spearman's correlation coefficient between total bread consumption based on FFQ and consumption based on the reference methods was 0.54 (Po0.01) in the Finnish study and 0.51 (Po0.01) in the Lithuanian study. The correlation for fish was 0.32 (Po0.01) in the Finnish NORBAGREEN food frequency questionnaire J Petkeviciene et al study and 0.25 (Po0.01) in the Lithuanian study. No significant correlation in potato consumption between FFQ and reference methods was found in either country. The subjects were divided into tertiles by food consumption as measured from the FFQ and reference methods. Overall proportion categorized in the same or adjacent tertile of the reference method was 84-92% in the Finnish study and 83-95% in the Lithuanian study. Largest proportion of misclassification (categorized in the opposite tertile) was seen in the consumption of potatoes and fish (16 and 12% in the Finnish and 17 and 17% in Lithuanian study, respectively) ( Table 5) .
Reproducibility of the FFQ There were no significant differences between FFQ1 and FFQ2 in the data for total consumption. Spearman's correlation coefficients were significant for all food groups and varied from 0.51 to 0.75 (Po0.01) in the Finnish study and from 0.51 to 0.83 (Po0.01) in the Lithuanian study (Tables 6 and 7) . 
Discussion
The aim of the NORBAGREEN study was to collect comparable data across the Nordic and the Baltic countries. Therefore the validation study was carried out in both a Nordic and a Baltic country. Since a related FFQ had earlier been validated in Sweden (Persson and Becker, 2002) , a Baltic country (Lithuania) and another Nordic country (Finland) were chosen for testing the validity of the new extended FFQ. Ideally, similar studies would have been desirable in the other participating countries, but this was not feasible for practical and financial reasons. Two 3-day food records (Finland) and four repeated 24-h recalls (Lithuania) were chosen as the reference methods since those methods have been used in FINDIET 2002 and CINDI Health Monitor studies. The information obtained using both these reference methods does not depend on the long-term memory of subjects and their ability to report their average intake during the past year. The results show that the FFQ's ability to rank subjects properly according to consumption was good for vegetables (in Lithuania when portions o40 g were excluded from the recalls) and for bread in both countries, and for fruit in Finland. Analyses of the portions of vegetables excluded from the reference method (o40 g) in the Lithuanian study revealed that these consisted of, for example, onions and other spicy vegetables in meat dishes and sauces or very small amounts of vegetables on sandwiches. In the instructions for the FFQ the subject was asked not to consider small amounts of vegetables as a portion (for example, as decorations on sandwiches) when completing the FFQ. In Finland, the exclusion of small portions did not influence the correlation. This may be due to some culinary differences with respect to vegetable consumption in these countries. The external validity on ranking for fruit was good in Finland but low in Lithuania. One explanation for the weak correlation between the FFQ and the reference method in Lithuania might be the high seasonal variation in fruit consumption in Lithuania. Only the first 24-h recall (in April) measured consumption of fruit during a period of low availability. The three other 24-h recalls were conducted in summer and autumn when there was a more generous supply of locally grown fruits and berries. Despite of some differences in the correlation results between Finland and Lithuania, the overall proportion categorized in the same or adjacent tertile of the reference method was good, over 90%, in case of intake estimates of vegetables, fruit and bread, and only somewhat less, 83-88% in case of intake estimates of potatoes and fish in both countries. This gives confidence of the usefulness of this instrument when populations are to be ranked, especially according to vegetable, fruit and bread intake.
The observed Spearman's correlation coefficients between intakes measured by FFQs and those measured by the reference methods were comparable to the results of other validation studies in the case of vegetables and fruit (Pietinen et al., 1988b; Frost Andersen et al., 1995; Männistö et al., 1996; Osler and Heitmann, 1996; Bohlscheid-Thomas et al., 1997; Ocke et al., 1997; Pisani et al., 1997; Field et al., 1998; Erkkola et al., 2001) . The agreement for potatoes and fish, on the other hand, was weak to moderate in both the Finnish and the Lithuanian studies, and in line with the results for potatoes in a previous Swedish validation study (Persson and Becker, 2002) . The average consumption of fish in this study was only about once a week and it is possible that the number of days in the reference method was insufficient to capture the subjects' habitual fish consumption. Moreover, it may be hard to estimate average consumption of fish during the past year because of possibly large seasonal variations in consumption patterns. Low correlations have also been reported by other authors, even for fairly long periods covered by the reference method (Bohlscheid-Thomas et al., 1997; Ocke et al., 1997) .
In the case of potatoes in the Finnish study the FFQ showed higher consumption frequencies than the food records did. According to the National Dietary Surveys carried out in Finland every fifth year, foods such as rice, pasta, pizza, and so on, have partially replaced potatoes in the diet but the perception of this change may lag behind the actual change (Kleemola et al., 1994; FINDIET Study Group, 1998; Männistö et al., 2003) . Another reason for the weak correlation in the potato consumption between the methods may be the small day-to-day variation. In the Finnish food record data, consumption of potatoes varied between 0 and 1.5 times per day (that is, it ranged from 0 to 45 times a month) whereas only 27% of subjects consumed vegetables with comparable regularity. Correlations of consumption of fish and potatoes between the instruments tended to be somewhat lower compared to earlier validation studies with more detailed FFQs carried out in Finland (Pietinen et al., 1988a; Männistö et al., 1996; Erkkola et al., 2001) .
The global questions on total consumption frequencies tended to elicit lower estimates than the sums of frequencies for differently prepared forms. This is in accordance with the previous Swedish validation study mentioned above (Persson and Becker, 2002) . In the case of vegetables and fruit, the summed data for differently prepared forms corresponded better with the reference methods than the data from the global question on total consumption. The sums of consumption frequencies reported for individual fruits and vegetables (altogether 33 items) were generally 2-3 times higher than the frequencies obtained for the global question. Certain individual vegetables such as cucumber, lettuce, onion, leek and garlic are often consumed in relatively small amounts as spices in dishes or as part of a salad. Their consumption frequency may be fairly high while at the same time the actual amount consumed is relatively low. Higher intakes of self-reported consumption of fruit and vegetables measured as part of long FFQs (about 130 items) compared to a diet diary (7 days) have been reported also before (Feskanich et al., 1993; Michels et al., 2005) . It is not clear which instrument would provide the more accurate assessment, but 7-day diary has been interpreted to produce more consistent intakes than a FFQ (Michels et al., 2005) .
The reproducibility of the FFQ was good in both Lithuania and Finland when it was repeated after 6-8 months. The FFQ was administered both in spring and in autumn. The observed Spearman's correlation coefficients of 0.51-0.75 in the Finnish study (Table 6 ) and 0.51-0.83 in the Lithuanian study (Table 7 ) are comparable to those described for other FFQs (Elmstahl et al., 1996; Bohlscheid-Thomas et al., 1997; Johansson et al., 1997; Ocke et al., 1997; Hu et al., 1999; Persson and Becker, 2002) . Seasonal variation might affect the consumption of vegetables, fruit and berries. To minimize this effect, subjects were asked to think about the entire preceding year when answering the questions. Good agreement was observed for the questions on total consumption of all food groups, indicating that seasonal variation was of less importance. For individual vegetables and fruits one would expect seasonal availability to have a stronger impact, as found by the earlier Swedish validation study (Persson and Becker, 2002) .
As potential limitation of this study, we may add that the reference methods covered a relatively small, although generally acceptable, number of days (two 3-day food records and four separate 24-h recalls in the Finnish and Lithuanian data, respectively), and use of a FFQ that does not include measurable portions (Männistö et al., 1996; Willett 1998) . Additionally, a pooled sample of men and women does not allow carrying out more detailed analyses concerning gender and age differences in the validity and reproducibility of the FFQ. The choice of different reference methods in Finland and Lithuania may have influenced the results, since a food record is prospective while a 24-h recall is retrospective. However, both types of validation methods are widely used in validation studies. The results of the two studies showed many similarities with respect to the overall agreement between FFQ and the reference method. For example, in both studies the FFQ, compared to the reference method, gave a lower estimate of the total consumption frequencies of vegetables and fruit, while the sums of frequencies of different preparation forms were more comparable.
In conclusion, the FFQ developed for the NORBAGREEN project can be used in its current form to rank subjects according to vegetable, fruit and bread consumption, whereas the questions about consumption of potatoes and fish need to be developed further. More questions on different forms of fish and potato consumption might improve the validity of questionnaire. The intake of vegetables and fruit calculated as the sum of intakes of different preparation was closest to the intake measured by the reference methods. By contrast, data from a single global question for measuring total intake appeared to underestimate, and the sum of intake of single vegetables and fruits generally overestimated intake, compared to the results of the reference methods. The reproducibility of the FFQ was shown to be good for most food groups. Comparison of the validation studies carried out in a Nordic and a Baltic country showed up some culinary differences between these countries that may affect results, for example, frequent consumption of small amounts of vegetables, and seasonal variation in fruit consumption, in Lithuania compared to Finland. This study illustrates that international studies require not only careful preparation of a broadly applicable FFQ but also independent validation of the questionnaire in countries representing different dietary and culinary patterns.
